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This invention relates to deflection yokes and particular 
ly to yokes adapted for television uses, both black and 
white and color, where comparatively wide angle beam 
deflection is desired. 
As the angle through which an electron beam or a group 

of beams is to be deflected for raster-scanning purposes 
in television apparatus becomes larger, it becomes in 
creasingly difficult to maintain good beam focus or con 
vergence of a plurality of beams throughout all portions 
of the raster and, at the same time, to maintain substantial 
rectangularity of the raster and also to minimize the 
power required to emergize the deflection yoke. Hereto 
fore, deflection yokes which are capable of deflecting an 
electron beam to scan a substantially rectangular raster 
have not been necessarily of the proper kind to maintain 
good beam focus throughout the raster. Accordingly, 
compromises have been made. One such compromise is 
to design the yoke so as to maintain good beam focus 
throughout a relatively wide deflection angle without 
regard to raster rectangularity. Such yokes tend to pro 
duce distortions such as pin-cushion raster shapes, for 
example. Additional means such as fixed magnets or 
special pin-cushion correction circuits have been em 
ployed at added cost and difficulty to make some com 
pensation for the raster distortion. Furthermore, it has 
been necessary by the use of prior art deflection yokes 
to utilize relatively large amounts of deflection power 
to energize such yokes so as to deflect the beam through 
a wider angle. 
One of the objects of the present invention, therefore, 

is to provide an electromagnetic deflection yoke for cath 
ode ray tubes which is more efficient than yokes hereto 
fore employed. 

Another object of the invention is to provide an im 
proved deflection yoke for black and white and/or color 
television apparatus, for example, which will maintain 
good beam focus and/or convergence of a plurality of 
beams throughout a relatively wide deflection angle. 

Still another object of the invention is to provide an 
improved defiection yoke by which an electron beam may 
be caused to scan a substantially rectangular raster on a 
wide angled, curved face black and white television 
kinescope while maintaining good beam focus. 
A further object of the invention is to provide an im 

proved deflection yoke which has a greater deflection 
sensitivity than yokes heretofore employed so that sub 
stantially less power is required to energize such a yoke, 
when operating at moderate deflection angles, and no 
more power is required to operate it through relatively 
large angles than is presently utilized with commercially 
available yokes operating with moderate deflection angles. 

In accordance with the present invention, the improved 
type of deflection yoke has two portions, one of which 
is relatively straight and extends substantially parallel to 
the longitudinai axis of the yoke and the other of which 
is flared, deviating from the central axis at the forward 
end of the yoke. The configuration of the flared section 
is such as to effectively extend the active conductors of 
the coils and, at the same time, to remove the end turns 
from the beam deflection region with the result that the 
ratio of the desired field flux to the undesired flux pro 
duced by the end turns is considerably increased, thereby 
both increasing the deflection seisitivity and the angie 
through which the electron beam may be deflected effec 
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2 
tively to scan a substantially rectangular raster. The 
deflection sensitivity also is enhanced by the use of a core 
so arranged as to conform closely to the configuration 
of the yoke windings, not only in the straight section but 
also in the flared section as well. The distribution of 
turns in the windings of the deflection yoke is made in 
such a way as to insure good beam focus and/or con 
vergence of a plurality of beams throughout the entire 
raster scanned by the electron beam. 
For black and white television uses of the improved 

deflection yoke, any of the commercially available kine 
scopes and/or camera pick-up tubes may be utilized. 
Such a yoke also may be used with such color television 
apparatus as either of the tri-color kinescopes described 
in papers published in the Proceedings of the I. R. E., 
vol.39, No. 10, October 1951, "A three-gun shadow-mask 
color kinescope,” by H. B. Law, at page 1186, or "A one 
gun shadow mask color kinescope,” by R. R. Law, at 
page 1194. The three-gun color kinescope forms the 
subject matter of U. S. Patent No. 2,595,548, issued May 
6, 1952, to A. C. Schroeder. The one-gun color kinescope 
is the subject matter of a copending U. S. patent applica 
tion of R. R. Law, Serial No. 165,552, filed June 1, 1950, 
and titled "Color Television.” 
The novel features that are considered characteristic of 

this invention are set forth with particularity in the ap 
pended claims. The invention itself, however, both as to 
its organization and method of operation, as well as addi 
tional objects and advantages thereof, will best be under 
stood from the following description when read in con 
nection with the accompanying drawings. 

In the drawings: 
Figure 1 is a general view, partly in cross-section, of a 

yoke in accordance with the present invention in an opera 
tive position with a cathode ray tube having a relatively 
large screen requiring a relatively wide deflection angle; 

Figure 2 is a perspective view of a pair of deflection 
windings of a conventional nature showing the different 
field flux components produced respectively by the side 
and end conductors; - 

Figure 3 is a perspective view of the front end of a 
deflection yoke embodying the invention; . 

Figure 4 is a fragmentary detail, to an enlarged scale, 
of the coil windings and associated core showing the de 
tails of the flared end portion in accordance with the in 
vention; 

Figure 5 is a pian view of a deflection yoke in accord 
ance with this invention showing the relationship of the 
core segments to one another; 

Figure 6 is a transverse sectional view through a central. 
portion of the yoke taken on the lines 6-6 of Figure 5 
and showing the cross-sectional coil configuration and the 
general relationship of the coils and core in accordance 
with the invention; 

Figure 7 is an explanatory diagram indicating the turns 
distribution of the yoke coils; and, 

Figure 8 shows typical field flux patterns in different. 
transverse sections of the yoke embodying the invention. 

Reference first will be made to Figure of the draw 
ings for a description of the general relationship of a yoke 
embodying the invention to a cathode ray tube such as a 
kinescope employed for image reproduction in a television. 
receiver. The kinescope 1 may be of the so-called 
metal type in which the major portion of the conical sec 
tion 2 thereof is sealed to a glass face plate 3 on the 
inner surface of which is formed the luminescent screen 
14. The small end of the conical section 12 is sealed to 
a glass conical section 15 which merges into a neck 16. 
A deflection yoke 7 in accordance with this invention 

is naunted over the neck ió and extends onto the conical 
glass section 15. As indicated, the deflection yoke is pro 
vided with coils, each having a straight section 8 extend 
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ing substantially parallel to a central axis of the coil which 
coincides with the longitudinal axis of the kinescope 11, 
and a flared section 19 at the forward end of the yoke 
which deviates from the central axis in a manner to be 
described in greater detail subsequently. The active side 
conductors of the yoke are included in the sections 18 and 
19. The forward end conductors 20 are spaced away 
from the central axis more than a minimum distance So 
as to minimize the effect thereof. The end conductors 21 
at the rear end of the yoke may also, if desired, be spaced 
away from the central axis more than a minimum distance 
although, in a particular embodiment of the yoke in ac 
cordance with the present invention, this is not done to 
the same degree as it is in the forward end of the yoke on 
account of the relatively smaller deleterious effect that 
the rear end conductors 21 have because of greater dis 
tance to the undeflected beam at the back end of the yoke. 
The yoke also is provided with a ferromagnetic core 22, 
the configuration and arrangement of which comprises a 
feature of the invention and, accordingly, will be described 
in greater detail subsequently. It is to be understood that 
a certain minimum clearance is maintained, as indicated, 
between the yoke and the neck of the kinescope 1 in a 
manner to be described subsequently. 

It is to be noted that, by reason of the general configura 
tion of the yoke 17, the effective deflection center 23 is 
located considerably forward of what would be the effec 
tive center of deflection 24 of a conventional yoke. It is 
seen that, with an effective center of deflection 23, it is 
possible to deflect an electron beam through a substan 
tially wider angle than heretofore possible with a yoke of 
this length (for example, 90) without the beam striking 
any portion of the tube envelope, which would cause the 
so-called "neck shadow.' A considerably smaller angle 
of deflection necessarily results from an effective center de 
flection, such as 24. The forwardly spaced effective cen 
ter of deflection 23 is a direct result of the use of an 
improved type of deflection yoke, such as that embodying 
the present invention. In general, this result is achieved 
by the particular configuration of such a yoke having both 
a straight section and a forwardly extending flared section 
of both coils and core. Not only is the center of deflec 
tion moved forwardly from what its position would be 
with more conventional prior art types of yokes, but also 
the overall effective length of the yoke is increased by the 
employment of the features such as the described config 
uration of the improved yoke embodying the invention. 
The increase in the effective length of the yoke also in 
creases the efficiency thereof, whereby the yoke in accord 
ance with this invention has a materially higher deflection sensitivity than prior art yokes. 

Before continuing with the detailed description of other 
constructional features of a deflection yoke in accordance 
with the present invention, reference will be made to Fig 
ure 2 for a brief description of the fields produced by the 
different parts of a deflection yoke winding. In this fig 
ure, the two coils of one of the yoke windings are shown 
in a somewhat conventional form. In this case, the two 
coils 25 and 26 of a horizontal yoke winding are shown. 
Since each is substantially similar to the other, only one 
will be referred to. The upper coil 25, for example, has 
side conductors such as 27 and end conductors such as 28. 
Current flowing through the side conductors 27 produce 
magnetic flux constituting a “Y” field extending in a gen 
eral vertical direction, as shown. It will be understood 
that another pair of coils comprising the vertical winding 
will ordinarily be located in a substantially 90 relation 
ship to the two horizontal winding coils and when ener 
gized are effective to produce magnetic flux comprising an 
“X” field substantially at right angles to the “Y” field, as 
shown. These are the two desired deflection field compo 
nents. However, the end conductors of the deflec 
tion coil windings, such as the end conductors 28, 
also produce a major flux field in the “Z” direction 
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4. 
which extends generally coaxially with the yoke. This 
“Z” field is undesired since it is not in the proper 
direction for deflecting the electron beam, but instead it 
only produces an undesired distortion of the beam cross 
section, beam defocusing, and misconvergence in multi 
beam kinescopes, such as the tri-color kinescopes referred 
to. In any wide angle deflection yoke, therefore, it is 
now seen to be desirable and necessary to minimize or 
completely eliminate, if possible, the effectiveness of the 
“Z” field component or at best to increase the ratio of 
the X and 'Y' field effectiveness to the “Z” field effec 
tiveness. In the case of the wide angle deflection yoke 
embodying the present invention, the effectiveness of the 
“Z” component is decreased in absolute value. Also, the 
ratio of the 'X' and “Y” field effectiveness to the “Z” field 
effectiveness is increased by reason of the effective in 
crease in the absolute values of the "X" and “Y” fields. 

In order to more clearly understand the manner in 
which the efficiency of the yoke embodying the present 
invention is achieved, further reference will be made to 
Figure 3. The perspective view of the forward end of 
the deflection yoke 17 in accordance with this invention 
shows generally the essential portions of the horizontal de 
flection winding coils 31 and 32. Since both of these coils 
are substantially identical, the details of only one of them 
will be described. The lower soil 32 includes side conduc 
tors having main portions 33a extending for a relatively. 
large distance along, and lying substantially parallel to, 
the central axis of the yoke. The side conductors also 
have extended portions 33b extending for a smaller dis 
tance along, and deviating from, the central axis. The 
two parallel side conductor portions of one horizontal coil 
shown at 33a, together with corresponding side conductor 
portions of the other horizontal coil and with similar por 
tions of the two coils 34 and 35 comprising the vertical 
winding, form the straight section of the yoke. The two 
extended side conductor portions 33b of the horizontal 
coil 32, together with corresponding conductor portions 
of the other horizontal coil 3 and with similar portions 
of the two vertical coils 34 and 35 form the flared section 
of the yoke. The particular deviation of the extended 
side conductor portions, such as 33b, from the central axis 
will be described subsequently in greater detail. 

Each of the groups of side conductors 33 of each of 
the horizontal coils 3 and 32 and of each of the verti 
cal coils 34 and 35 extend circumferentially around the 
central axis of the coil through respective predetermined 
angles. These angles are the same for each of the hori 
zontal coils and also for each of the vertical coils, al 
though in the particular illustrated embodiment of the in 
vention, the angles are different for the horizontal and 
vertical coils. In any case, the circumferential angle for 
each group of side conductors is less than 90 so that 
for any two groups of corresponding side conductors 
the angle is less than 180. Accordingly, there is an 
opening, or window, formed substantially at the center 
of each of the coils. In the case of the horizontal coil 32, . 
the opening, or window, 36 is formed in this manner. . 
A similar opening, or window, 37, is formed in the 
vertical coil 35 and is shown by the dotted lines, since 
the vertical coils lie outside of the horizontal coils. In 
accordance with one of the features of this invention, it 
is to be noted that the coil windows, such as 36 and 37, 
extend circumferentially around the central axis through 
a predetermined, substantially constant angle in all cross 
sections of the coils at right angles, or normal, to the 
central axis in both parallel and deviating portions of the 
side conductors. In other words, the window opening 
is the same number of degrees of arc in all axially nor 
mal cross sections of both the straight and flared portions 
of the yoke coils. 
Another feature of the invention which may be seen 

from Figure 3 is a gap 38 which is maintained between 
the adjacent outer edges of the respective side conductor 
groups of a pair of coils such as the horizontal coils 31 
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and 32. As will be more clearly illustrated in connection 
with a subsequent portion of the description, the two 
gaps, such as 38, between the horizontal coils 31 and 
32 are maintained between those portions of the coils 
which have the greater proportion of conductors. Such 
a feature is effective in minimizing raster distortion, such 
as the pin cushion type, when the concentration of con 
ductors, or turns distribution, in the coils is varied for 
the purpose of maintaining good beam focus and converg 
ence of a plurality of beams throughout the scanned 
raster. 
Another feature of the invention which, in conjunction 

with some of those already described, produces a more 
efficient yoke and minimizes beam distortion is the spac 
ing of the end conductors at greater than a minimum dis 
tance from the central axis. In the horizontal coils 31 
and 32, for example, the forward end conductors 39 
and 40 are grouped Substantially as illustrated so that they 
are somewhat farther removed from the central axis than 
would be necessary merely to effect the connection be 
tween the two groups of conductors in the respective 
coils. Similarly, the end conductors 42 and 43 at the 
front or flared end of the yoke of the vertical coils 34 
and 35 respectively are similarly treated. At the rear end 
of the yoke, the end conductors of the horizontal and 
vertical coils may be similarly treated, if desired. As 
indicated in Figure 3, a somewhat similar treatment is 
provided for the rear end conductors 44 of the vertical 
coil 34. This feature also is illustrated by the rear end 
conductors 2i of Figure 1 and again will be referred to 
in a latter description of Figure 4. It will be noted that, 
in forming the end conductors of all of these coils, a 
certain degree of flatness is maintained in the end con 
ductor groups. With respect to the end conductors 39 
and 40 of the horizontal coils 31 and 32, however, some 
additional bunching of the conductors is effected in order 
to remove a greater number of these conductors from the 
central axis. It will be understood that, if there is suf 
ficient space, as there is likely to be between the front 
end of the yoke at the outer extremity of the flared section 
and the conical portion of the kinescope, a greater bunch 
ing of the horizontal end conductors may be effected 
so that even more of these conductors may be farther 
removed from the central axis. 

For the achievement of maximum performance of such 
a yoke, it is desirable that there be a minimum of crossing 
of the side conductors of the respective coils. It is de 
sired that the side conductors lie substantially parallel to 
one another in both the straight and flared sections of 
the yoke. Also, in the flared section, it is desirable that 
the side conductors extend axially for substantially the 
same distances before they are bent into the end con 
ductors. In this way, a more uniform performance is 
achieved in all portions of the yoke. 

Reference now will be made to Figure 4 for a more de 
tailed description of the particular manner in which the 
flaring of the yoke should be effected in order to achieve 
optimum performance. In this figure, there are shown 
fragmentary cross sections of one coil 45 used for hori 
Zontal and another coil 46 used for vertical deflection in 
this case. This description will refer principally to the 
horizontal coil 45, it being understood that the same gen 
eral description is intended to relate as well to the vertical 
coil 46 and that either coil may be used for horizontal 
or vertical deflection, with the longer coil 45 providing 
the greater deflection sensitivity. The side conductors 
47 in the straight portion of the yoke extend generally 
parallel to the central axis for a substantial distance. In 
the region 48, these side conductors deviate from the 
central axis at a relatively small, substantially constant 
angle of 6', for example, in one practical embodiment. 
In the succeeding region 49 of the flared section, the de 
viation from the central axis is at a varying angle so that 
this portion of the winding is arcuate in form. In the final 
region 5 of the flared section, the deviation of the coil 
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6 
conductors from the central axis is at a relatively large, 
substantially constant angle of, for example 50° to pro 
vide the necessary minimum clearance between the yoke 
and the kinescope. 

In order that the deflection yoke embodying the present 
invention be made as efficient as practicable, it is neces 
sary that it be provided with a core which is shaped 
generally in the same manner as the yoke coils are shaped. 
In other words, in the case of the present yoke, the core 
should have such a configuration that it will lie in the 
closest possible proximity to the coil assembly. The gen 
eral configuration of this aspect of the core is shown in 
Figure 4. In the case of the present core, it is made in 
two ring-shaped assemblies lying respectively adjacent to 
the front and rear portions of the yoke. As shown in this 
figure, the rear core ring section 52 has a generally rec 
tangular cross-section. It is seen that the internal ccn 
figuration of the rear core ring 52 conforms substantially 
to the straight, or cylindrical, section, such as that in 
cluding the side conductors 47 of the yoke coils 45 
and 46. The core also includes a front ring section 53 
which has an internal configuration conforming Sub 
stantially in part to the cylindrical section of the yoke 
coils and in part to the flared, or frusto-conical, section of 
the coils. The external configurations of the two core 
rings 52 and 53 is also substantially cylindrical, as 
indicated. It will be understood that spacings between 
the coils 45 and 46 and between the coil 46 and the core 
rings 52 and 53 are indicated, not necessarily only for 
clarity in the drawing, but also to provide for the use of 
suitable insulation between the two coils and between the 
vertical coil and the core. Such insulation has not been 
shown in any of the figures of the drawings because it 
forms no part of the present invention and would only 
complicate the drawings. 
In accordance with another feature of the invention, 

the core with which the yoke is provided is made up of 
a plurality of components. These components are ar 
cuate members of Suitable ferromagnetic material, such 
as ferrite which fit over the insulated coil assembly as 
closely as possible for maximum yoke sensitivity. As 
shown in Figure 5, each of the core rings 52 and 53 
comprises four arcuate members. The rear ring 52 has 
four arcuate members, such as 54, each extending circum 
ferentially for approximately 90°. Similarly, the front 
ring 53 comprises four substantially 90' arcuate mem 
bers, such as 55. It is to be noted that the two rings 
52 and 53 occupy substantially the entire space between 
the end conductors 42 and 44 of the vertical coils of the 
yoke, with space allowed for insulation, if needed. This 
is a preferred arrangement. However, another accept 
able arrangement is one in which the adjacent edges of 
the rings 52 and 53 do not abut one another, but are 
spaced as much as a quarter of an inch, or rnore. Simi 
larly, it is to be noted that, in all cases, it is not necessary 
that the front core ring 53 extend all the way through 
the flared section of the yoke in order to obtain many 
of the advantages of the flared yoke configuration. The 
arrangement shown, however, is the preferred one since 
it gives maximum performance of the apparatus. 

Another feature of the invention that is to be noted 
with reference to Figure 5 is the staggering of the abut 
ting ends of the arcuate members, such as 54 of the core 
ring 52, relative to the abutting ends of the arcuate mem 
bers, such as 55 of the ring 53. An advantage of such 
a construction is that manufacturing tolerances do not 
have to be maintained as close as with other types of 
construction. As a result, it is necessary to test only 
a relatively small number of yokes in order to effect the 
desired quality control. It has been found that by stag 
gering of the core ring sections, especially when the ad 
jacent edges of the rings are abutting, as in the preferred 
form of this apparatus, a somewhat greater deflection 
sensitivity is achieved than would otherwise be possible. 
This occurs because even though there are gaps or dis 
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continuities between the abutting ends of the arcuate 
members in either or both of the core rings, a partial 
compensation is made for any resulting increase in the 
reluctance of the magnetic circuit by the provision of an 
alternate flux path through the adjacent arcuate men 
bers in the other of the two core rings. In the con 
struction of such a yoke, it is materially easier to main 
tain the low reluctance of the magnetic circuit at a mini 
mum between the adjacent edges of the two core rings 
than it is between the abutting ends of the arcuate men 
bers of either of the two rings. The shape of each of 
the core segments of the ring 53, such as a step 56 at the 
front end (Figure 4), permits greater ease of molding. 
Without the step 56, a knife edge on the molding ram 
would be required, with an attendant high mold cost 
maintenance. 

Figure 6, to which reference now will be made, is a 
transverse cross-sectional view of the assembled yoke 
taken in the straight, or cylindrical, section thereof. It 
shows the relationship of the horizontal coils 31 and 32 
relative to one another and also to the associated vertical 
coils 34 and 35. The fixed width gaps 38 between the 
adjacent edges of the horizontal coils 31 and 32 are 
shown. Also, the substantially abutting relationship of 
the adjacent edges of the vertical coils 34 and 35 is shown. 
In addition, the annular core 22 comprising the rings 52 
and 53 is shown in relation to the yoke windings. It 
is to be noted that the core 22 comprises two sets of 
four substantially 90° arcuate members substantially as 
previously described with reference to Figure 5. Al 
ternatively, this core may be made with as few as two 180 
core segments. There also is shown in this figure a 
band 58 extending around the core 22, securely clamp 
ing the parts thereof together and in intimate association 
with the yoke windings. This figure also shows the 
general cross-sectional configuration of the yoke wind 
ings illustrating the varied turn distribution by which the 
desired beam focus and/or multi-beam convergence is 
secured. 

This turn distribution in the yoke windings does not 
follow the somewhat popular cosine or cosine squared 
distribution. It has been found that neither of these 
turn distributions provides the desired uniformity of beam 
focus, or maintenance of convergence in multi-beam 
kinescopes. Accordingly, the turns distribution in the 
windings of the yoke in accordance with the present 
invention is, in general, in accordance with the following 
table. The table of values has reference to Figure 7 
of the drawings in which “T” is the maximum width of 
a coil; "t' is the thickness of oz coil in a direction parallel 
to the thickness "T" at any angle or from the maximum 
width position in accordance with cosine distribution; 
and "d' is the same dimension as "t” except as actually 
employed in the yoke in accordance with this invention. 
It will be understood that where references are made 
to coil dimensions, this is merely a convenient term re 
specting the number of conductors in that particular 
part of the coil. In using this table, the following re 
lationships are those referred to. 

t=T'cos or or r=cos or T 

d=T (coso) 
d=actual dimension of coil at angle or 

cos at cost or (cos (cos d 2 
dist.) dist.) 

1.000 10 10.100 
.933 .106 .02.110 0 
.750 .095 .083.09 .063 
500 .078 055,107 080 

.250 .055 .028 ...100 - 137 

.66 .045 .08.094 .15 

It nay. be seen from the foregoing table, with reference 
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8 
to Figure 7 of the drawings, that the actual turns dis 
tribution "d" of the coils in accordance with the present 
invention is materially different from the theoretical turns 
distribution "t' which would be obtained if either a cosine 
or a cosine squared distribution of the turns were used. 
In either case, when the angle or is zero, both the theo 
retical turns "t' and the actual turns "d' are equal to 
the maximum turns "T." At 30 from the point of 
maximum number of turns, for example, it is seen that 
the theoretical turns "t' for cosine distribution equals 
.095, which is derived by multiplying the maximum turns 
"t'=.110 by the cosine of 30, which is .866. In ac 
tuality, in accordance with this invention, the turns dis 
tribution at 30° "d”=.109 which is derived by multiply 
ing the maximum turns "T"-.110 by .992 which is the co 
sine of 30 to the .063 power. Similar differences between 
the actual turns distribution employed in the yoke in 
accordance with this invention and the turns distribution 
which would be required to satisfy either a cosine or a 
cosine squared distribution axis for all of the portions 
of the coil, are generally indicated in the table. Another 
noteworthy feature of this aspect of the invention is 
the actual turns distribution does not vary in accordance 
with any fixed power of the cosine of the angle. As 
indicated in the table, this power 'n' varies from 0 at 0 
to .175 at a 66 angle, which is about the extent of the 
turns distribution of either of the coils of the present 
yoke. Some modification of the turns distribution "d' 
can be used successfully provided the window openings 
36 and 37 and the spacer 38 (Figure 1) are modified accordingly. 

Figure 8 shows the flux patterns in different portions 
of the yoke in accordance with the present invention. 
Figure 8a shows the shape of the field at the rear end of 
the yoke and is seen that it is slightly barrel-shaped. 
Figure 8b, which shows the shape of the field substantial 
ly at the center of the yoke, for example, including the 
effective center of deflection 23 of Figure 1, and indicates 
that it is slightly pin-cushion shaped. Figure 8c, which 
shows the shape of the field at the small end of the flared 
section, and indicates that the field at this point is sub 
stantially uniform. 

It is seen from the foregoing description of an illustra 
tive embodiment of the present invention that there is 
provided an electromagnetic deflection yoke for cathode 
ray tubes of the single or multi-beam types which is con 
siderably more efficient than yokes heretofore employed 
for similar uses. This increased efficiency derives gen 
erally from the use of a new and improved shape of the 
coil structure, together with a new and improved shape 
and arrangement of a core structure and the inter-rela 
tionship between the coil and core structures. 
The new coil shape is one which includes straight and 

flared sections, the latter being at the forward end of 
the yoke. Such a coil shape provides additional side 
conductor length which increases the useful “X” and 
“Y” components of the produced field, whereby to effect 
a better electron beam deflection and, at the same time, 
to increase the ratio of the combined "X" and “Y” com 
ponents to the undesired axial 'Z' component produced 
by the end conductors, thereby minimizing the delete 
rious effects of such a field component such as causing 
beam distortion or misconvergence of multi-beam kine 
scopes. The use of a coil structure such as that employed 
in the yoke in accordance with the present invention 
moves the effective center of deflection forwardly toward 
the conical portion of a kinescope, when the yoke is used 
with such a cathode ray device, whereby wider angles of 
deflection may be achieved without the beam striking the 
side of the tube. Also, the lengthening of the coil and 
core structure as a result of the new shapes thereof has 
the beneficial effect of increasing the length of the yoke, 
whereby to effect a material increase in the deflection 
sensitivity thereof without reducing the required clear 
ance between the deflected beam or beams and the kine 
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Scope cone. In a practical embodiment of a yoke in ac 
cordance with this invention, the length of the horizontal 
coil is increased by approximately 7% over equivalent 
yokes for Smaller deflection angles previously employed. 
Similarly, approximately at 20% increase is effected in 
the length of the vertical coil. The core which is used 
in the present yoke is increased by more than 65% over 
cores previously used. 
Another advantage of a yoke in accordance with the 

present invention is that it is capable of maintaining 
good beam focus and multi-beam convergence through 
out a relatively wide deflection angle and, at the same 
time, of maintaining substantial rectangularity of the 
raster Scanned on commercially available, curved face 
kinescopes. These two apparently irreconcilable achieve 
ments are effected by the practical compromising in the 
turns distribution of the coils and in the arrangement 
thereof with respect to one another. The turns distribu 
tion, which is set forth in particularity for one illustrative 
embodiment of the invention, is neither a cosine nor a 
cosine Squared function of the angles subtended by the 
coil. Good raster rectangularity is obtained in large 
measure by properly placing the coils relative to one 
another, a typical example of which is the maintainance 
of the described gaps between adjacent portions of the 
horizontal coils and the substantial abutment of adjacent 
portions of the vertical coils. 

It also is to be understood that while the invention has 
been described with particular reference to the relation 
ship of the yoke to a kinescope for image-reproducing 
purposes in a television receiver, for example, it also is 
susceptible of use with other types of cathode ray ap 
paratus. For example, any applications requiring wide 
angle deflection with good beam focus and raster rec 
tangularity in camera or pickup tubes may also utilize a 
yoke in accordance wtih this invention. Similarly, signal 
storage tubes employing deflected electron beams also may 
employ a yoke of this character. 
The nature of the invention having been set forth in 

the foregoing description of an illustrative embodiment 
thereof, its scope is pointed out in the appended claims. 
What is claimed is: 
1. A deflection yoke coil for a cathode ray tube com 

prising, a plurality of turns of wire, each of said turns 
including two side conductors extending longitudinally 
of a central axis and two end conductors extending trans 
versely of said central axis and connecting said side con 
ductors, each of said side conductors having a main por 
tion extending for a predetermined distance along and 
lying substantially parallel to said central axis and an ex 
tended portion extending for less than said predetermined 
distance along and outwardly deviating from said central 
axis, and one of said end conductors connecting the ex 
tended portions of said side conductors being spaced 
more than a minimum distance from said central axis, 
such that said end conductors connecting the extended 
portions of said side conductors are located radially out 
side a circle defined by the ends of the extended portions 
of said side conductors and by points symmetrically 
located with respect to said ends on the opposite side of 
said central axis. 

2. A deflection yoke coil for a cathode ray tube com 
prising, a plurality of turns of wire, each of said turns 
including two side conductors extending longitudinally 
of a central axis and two end conductors extending trans 
versely of said central axis and connecting said side con 
ductors, each of said side conductors having a main por 
tion lying substantially parallel to said central axis and 
an extended portion outwardly deviating at a predeter 
mined angle from said central axis, said main portion 
constituting a large part of the total axial length of said 
coil, and that one of said end conductors connecting 
the extended portions of said side conductors being spaced 
more than a minimum distance from said central axis, 
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10 
such that said end conductors connecting the extended 
portions of said side conductors are located radially out 
side a circle defined by the ends of the extended portions 
of said side conductors and by points symmetrically 
located with respect to said ends on the opposite side of 
said central axis. 

3. A deflection yoke coil for a cathode ray tube conn 
prising, a plurality of turns of wire, each of said turns 
including two side conductors circumferentially spaced 
about and extending longitudinally of a central axis and 
two end conductors extending transversely of said central 
axis and connecting said side conductors, each of said 
side conductors having in order a main portion lying sub 
stantially parallel to said central axis, an extended portion 
outwardly deviating from said central axis at a constantly 
increasing angle, and another extended porticn outwardly 
deviating from said central axis at a substantially con 
stant angle, said main portion being greater in length than 
the axial length of the remaining portion of said side 
conductors. 

4. A deflection yoke coil for a cathode ray tube com 
prising, a plurality of turns of wire, each of said turns 
including two side conductors circumferentially spaced 
about and extending longitudinally of a central axis and 
two end conductors extending circumferentially about 
said central axis and connecting said side conductors, each 
of said end conductors being bent outwardly in a plane 
transverse of said central axis, each of said side con 
ductors having in order a main portion lying substantially 
parallel to said central axis, a first extended portion out 
wardly deviating from said central axis at a relatively 
small substantilly constant angle, a second extended por 
tion outwardly deviating from Said central axis at a 
constantly increasing angle, and a third extended portion 
outwardly deviating from said central axis at a relatively 
large substantially constant angle, said main portion con 
stituting a relatively large part of the total axial length 
of said coil. 

5. A deflection yoke coil for a cathode ray tube com 
prising, a plurality of turns of wire, each of said turns 
including two side conductors circumferentially spaced 
about and extending longitudinally of a central axis and 
two end conductors extending circumferentially about 
said central axis and connecting said side conductors, each 
of said end conductors being bent outwardly in a plane 
transverse of said central axis, each of said side conduc 
tors having in order from back to front a main portion 
extending for a relatively large distance along and lying 
substantially parallel to said central axis, a first extended 
portion outwardly deviating from said central axis at a 
relatively small substantially constant angle, a second ex 
tended portion outwardly deviating from said central axis 
at a varying angle, a third extended portion outwardly 
deviating from said central axis at a relatively large Sub 
stantially constant angle, said combined extended por 
tions extending for a relatively small distance along said 
central axis, and that one of said end conductors con 
necting the extended portions of said side conductors 
being spaced from said central axis by Sufficiently more 
than a minimum distance to be rendered inoperative by 
said spacing and the extended portions of said side con 
ductors to produce an appreciable adverse field effect, 
said end conductor spacing being more than the distance is 
of the main portions of said side conductors froin said 
central axis. 

6. A deflection yoke coil for a cathode ray tube com 
prising, a plurality of turns of wire, each of said turns 
including a pair of side conductors extending generally 
longitudinally of a central axis and a pair of end con 
ductors extending generally transversely of said central 
axis and connecting said side conductors, each of said 
side conductors having a portion lying substantially paral 
lel to said central axis and a portion outwardly deviating 
from said central axis, said parallel portion constituing a 
large portion of the total axial length of said side cont 
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ductor, each group of corresponding ones of said side 
conductors having a varying conductor distribution in a 
cross-section normal to said central axis, and said conduc 
tor distribution being of such configuration that the ratio 
of the cross-sectional thickness of the group at any 
radial angle to the maximum thickness of the group is 
Substantially the same in all axially normally cross-sec 
tions of both the parallel and deviating portions of said 
side conductors, each of said groups of side conductors 
extending circumferentially around said central axis 
through a predetermined angle, said predetermined angle 
being substantially the same in all axially normal cross 
Sections of both the parallel and deviating portions of said 
side conductors. 

7. A deflection yoke coil for a cathode ray tube as de 
fined in claim 6 wherein, each of said groups of side con 
ductors extends circumferentially around said central axis 
through a predetermined angle, said side conductor dis 
tribution varying from a relatively small percentage of the 
total side conductors at one limit of said predetermined 
angle to a larger percentage of the total side conductors 
at the other limit of said predetermined angle, and sub 
stantially the same percentages of the total side conduc 
tors per circumferential degree within said predetermined 
angle being maintained in all axially normal cross-sec 
tions of both the parallel and deviating portions of said 
side conductors. 

8. A deflection yoke for a cathode ray tube compris 
ing, a pair of coils each having two groups of a plurality 
of side conductors, corresponding groups of said side con 
ductors being mutually diametrically disposed about a 
central axis, each of said side conductors having a main 
portion lying substantially parallel to said central axis 
and an extended portion outwardly deviating from said 
central axis, the main portions of said side conductors 
extending along said central axis for at least the same dis 
tance as the extended portions of said side conductors, 
said side conductor groups extending circumferentially 
about said central axis in a manner to provide an opening 
between the inner edges of the side conductor groups of 
each of said pair of coils, each of said openings having 
a substantially constant width in substantially all axially 
normal cross-sections of the parallel side conductor por 
tions of said coils, and each of said openings in substan 
tially all axially normal cross-sections of the deviating por 
tions of said coils having a width which varies as a func 
tion of said side conductor deviation such that each of 
said openings is of substantially the same number of de 
grees of arc in substantially all axially normal cross 
sections of said parallel and deviating portions of said 
side conductors. 

9. A deflection yoke for a cathode ray tube as defined 
in claim 8 wherein, the circumferential extension of each 
of said side conductor groups is of a character to pro 
vide a gap of predetermined width between adjacent outer 
edges of the respective side conductor groups of said pair 
of coils, said predetermined gap width being maintained 
in substantially all axially normal cross-sections of both 
the parallel and deviating side conductor portions of said 
coils. 

10. A deflection yoke for a cathode ray tube com 
prising, horizontal and vertical windings having respective 
pairs of coils, the coils of each winding being oppositely 
disposed to one another about a central axis and the 
coils of one winding having a substantially 90° angular 
portion about said central axis relative to the correspond 
ing coils of the other winding, each of said coils having 
two groups of a plurality of side conductors and two 
groups of a plurality of end conductors connecting said 
side conductors, each of said side conductors having a 
portion lying substantially parallel to said central axis and 
a portion outwardly deviating from said central axis, 
the main portions of said side conductors extendnig along 
said central axis for a greater distance than the extended 
portions of said side conductors, the side conductor 
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groups of each of said coils extending circumferentially 
about said central axis in a manner to provide an open 
ing between the inner edges of said side conductor groups 
of substantially the same number of degrees of arc in 
substantially all axially normal cross-sections of both the 
parallel and deviating side conductor portions of said coil, 
the circumferential extension of the side conductor coil 
groups of said vertical winding being of a character to 
effect the substantial mutual abutment of the outer edges 
of said vertical winding side conductor groups within 
Said respective openings of the horizontal winding coils, 
and the circumferential extension of the side conductor 
coil groups of said horizontal winding being of a char 
acter to provide gaps between adjacent outer edges of the 
respective side conductor groups of said pair of hori 
Zontal coils, said gaps being within said respective open: 
ings of the vertical winding coils and the width of said 
gaps being maintained substantially constant in all axially 
normal cross-sections of both the parallel and deviating 
side conductor portions of said horizontal coils. 

11. A deflection yoke for a cathode ray tube as defined 
in claim 10 wherein, the side conductor groups of the 
coils of one of said windings extend axially for a greater 
distance than the side conductor groups of the coils of 
the other of said windings, thereby making one winding 
longer than the other, and the longer of said windings be 
ing employed for deflection in the direction requiring the 
greater deflection sensitivity. 

12. A deflection yoke coil for a cathode ray tube com 
prising, a plurality of turns of wire, each of said turns in 
cluding a pair of side conductors extending generally longi 
tudinally of a central axis and a pair of end conductors ex 
tending generally transversely of said central axis and 
connecting said side conductors, each of said side con 
ductors having a portion lying substantially parallel to 
said central axis and a portion outwardly deviating from 
said central axis, said parallel portion constituting a 
relatively large part of the total axial length of said side 
conductor, each group of corresponding ones of said side 
conductors having a varying conductor distribution in a 
cross-section normal to said central axis, said conductor. 
distribution being substantially the same in all axially 
normal cross-sections of both the parallel and deviating 
portions of said side conductors, each of said groups of 
side conductors extending circumferentially around said, 
central axis through a predetermined angle, said side 
conductor distribution varying from a relatively smail 
percentage of the total side conductors at one limit of 
said predetermined angle to a larger percentage of the 
total side conductors at the other limit of said prede 
termined angle, substantially the same percentages of the 
total side conductors per circumferential degree within 
said predetermined angle being maintained in all axially 
normal cross-sections of both the parallel and deviating 
portions of said side conductors, the total circumferential 
extension of said two groups of corresponding side con 
ductors being through a predetermined angle of less 
than 180°, and the circumferential extension of each 
of said groups of corresponding side conductors being 
through a predetermined angle of sufficiently less than 
90 to form an opening substantially at the center of 
said coil, said opening extending circumferentially around 
said central axis through a predetermined substantially 
constant angle in all axially normally cross-sections of 
both the parallel and deviating portions of said side con 
ductors. 

13. A deflection yoke for a cathode ray tube com 
prising, a pair of coils each having two groups of a 
plurality of side conductors, corresponding groups of 
said side conductors being mutually diametrically dis-, 
posed about a central axis, each of said side conductors 
having a main portion lying substantially parallel to said 
central axis and an extended portion outwardly deviating 
from said central axis, the main portions of said side con 
ductors extending along said central axis for at least the 
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same distance as the extended portions of said side con 
ductors, said side conductor groups extending circum 
ferentially about said central axis in a manner to pro 
vide an opening between the inner edges of the side 
conductor groups of each of said pair of coils, each of 
said openings having a substantially constant width in 
substantially all axially normal cross-sections of the paral 
lel side conductor portions of said coils, and each of sald 
openings in substantially all axially normal cross-sections 
of the deviating portions of said coils having a width 
which varies as a function of said side conductor devia 
tion, the circumferential extension of each of said side 
conductor groups being of a character to provide a gap 
of predetermined width between adjacent outer edges of 
the respective side conductor groups of said pair of coils, 
said predetermined gap width being maintained in sub 
stantially all axially normal cross-sections of both the 
parallel and deviating side conductor portions of said 
coils, said yoke being further characterized in that said 
side conductor groups of each of said coils have a con- 20 
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ductor distribution circumferentially of said central axis 
which varies similarly in both main and extended portions 
from a relatively small number of conductors at the in 
ner edges thereof adjacent said openings to a larger num 
ber of conductors at the outer edges thereof adjacent said 
gapS. 
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